Introduction {#sec1-1}
============

Obesity is a serious health problem, and it is increasing all over the world.\[[@ref1][@ref2]\] Obesity is increasing among urban populations in India and other South Asian parts. As per the World Health Organization (WHO), 19% of the Indian male population and 23% of female population are overweight. In addition, 3.1% male and 6.5% female population are obese in India.\[[@ref2]\] As per the National Family Health Survey 2007 in Maharashtra, 15.9% male and 18.1% female are overweight or obese, respectively.\[[@ref3]\]

Lifestyle changes, urbanization, and socioeconomic status are risk factors for noncommunicable diseases including obesity.\[[@ref1][@ref4][@ref5]\] The alternative therapies for obesity are effective and desirable for its prevention and control.\[[@ref6]\]

Obesity is considered as imbalance of energy intake and energy expenditure. The excessive intake of sugar and junk food causes deposition of fat.\[[@ref7]\] The development of obesity is still not fully known, but it is a multifactorial disease involving many factors such as stress, environment, behavioral, lifestyle, social network, and genetic factors.\[[@ref8][@ref9][@ref10]\] The body composition parameters are better indications to understand the intricacies of obesity.

The stress is one of the causes of obesity and the poor quality of sleep. A recent study reported that the association between sleep duration and obesity is not clearly established.\[[@ref11]\] Another recent study concluded that body composition and diet are linked to sleep physiology and suggested for dietary interventions for treating the sleep disorders and for improving sleep quality.\[[@ref12]\] Furthermore, it is reported that sleep duration is a crucial factor influencing the bodyweight and eating behavior and the recent study concluded that reduced sleep duration is negatively associated with body composition.\[[@ref13]\] In addition, there was association between higher fat mass and poor sleep efficiency in two separate studies, one on college students\[[@ref14]\] and the other on preschool children.\[[@ref15]\]

Further, a recent study reported that disturbance in sleep and circadian rhythm are also risk factors for the development of obesity.\[[@ref16]\] The endocannabinoid system, a regulator in hedonic feeding, may be the link between sleep, circadian rhythm, and feeding behavior.\[[@ref16]\] Also, the variation in gut microbe composition, circadian misalignment, and sleep are linked, in the development of obesity.\[[@ref16]\] Further, as per the critical review of published studies on the role of sleep quality on metabolic syndrome, it is concluded that the sleep and metabolic interactions exist and are operational in specific settings.\[[@ref17]\] Thus, it is noted that the relation between sleep diet and body composition parameters are complex, and specific study of these causative factors, applicable to the urban male adults, will be rewarding.

The obesity standard is different for different ethnic groups. The WHO definition is that body mass index (BMI) ≥25 kg/m^2^ is overweight and BMI ≥30 kg/m^2^ is obesity. However, for Asian population, BMI cutoff points are lesser and BMI above 23 kg/m^2^ is considered as overweight and above 25 kg/m^2^ is considered as obese.\[[@ref18][@ref19]\] In the current study, we have considered aforementioned standard for the obese adults.

The present methods for controlling the obesity are bit expensive with many limitations and it will be useful if alternative methods are validated.\[[@ref6]\] Yoga is one of the ancient mind--body therapies from India, consisting of specific yoga postures, breathing practices, and meditation techniques for the treatment of obesity. According to sage Patanjali, the essence of yoga is to control over the turbulent mind (*circa*. 400 BC, *P.Y.S*. Chapter I, Verse II).\[[@ref20]\] Previous studies have shown that the psychosomatic diseases are effectively prevented and controlled by yogic practices.\[[@ref21]\]

A very recent systematic review study from 30 trials compared from the 441 records, on effects of yoga on weight-related outcome, reported that yoga can be preliminarily considered as safe and effective intervention for weight reduction.\[[@ref22]\] However, it was reported that, though obese or overweight individuals had effect on the BMI reduction, these effects were not robust against selection bias.\[[@ref22]\] Yoga and body composition studies along with sleep parameters are very limited. Further, the earlier studies were lacking the assessments of specific urban working male subjects which is done in the current randomized controlled study.

In addition, the yoga practice requires minimum space and investments compared to many other physical activities. Thus, it is prudent to explore the yoga therapy for long-term weight reduction in urban adults. Therefore, the present study is intended to investigate the effect of 14 weeks yoga training on body composition and sleep quality in obese adults.

Subjects and Methods {#sec1-2}
====================

Total of 80 obese male participants were enrolled in the present study. The sample size was calculated based on the prior study of Dhananjai *et al*. using an open source software G\*Power.\[[@ref23][@ref24]\] In the earlier study on obesity, hip circumference had the lesser effect size and considering this parameter the minimum sample size was 29. The power of sample size used was 0.9.

In the current study, of 80 participants enrolled, 8 were dropout and 72 completed the intervention. The integrated approach of yoga therapy (IAYT) was imparted to yoga group for 1½ h for 5 days in a week, for 14 weeks. The yoga intervention details are given in [Table 1](#T1){ref-type="table"}. No specific physical exercise was administered to the control group, but they were asked to continue their regular normal routine. All participants were recruited by advertisement and telephone messages in Anushakti Nagar, Mumbai, India. The trial profile of the study is given in [Figure 1](#F1){ref-type="fig"}.
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Yoga intervention details
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![Trial profile](IJY-10-128-g002){#F1}

Inclusion criteria {#sec2-1}
------------------

\(i\) BMI between 23 kg/m^2^ and 35 kg/m^2^, (ii) only male adult ages from 18 to 60 years, and (iii) normal health for doing simple yoga practices. No participants were trained to yoga practices before were included.

Exclusion criteria {#sec2-2}
------------------

\(i\) Individuals who had surgery in the past 6 months, (ii) any other neurological or psychiatric problems, and (iii) other health conditions (such as pain and injury) were unsuitable for doing yoga were excluded from the study. All participants were randomized into two groups with minimization of cofactors by an open source software program MinimPy.\[[@ref25][@ref26]\] The study was approved by the Institutional Ethical Committee, and informed consent was obtained from each participant. Both groups received their respective measurement values food log format and basic sample meal plan prepared for sedentary male adults based on standard guidelines.\[[@ref27]\]

Assessments {#sec2-3}
-----------

### Sleep quality {#sec3-1}

The Pittsburgh Sleep Quality Index (PSQI) is one of the validated scales for assessing the quality of sleep applicable for various groups.\[[@ref28]\] PSQI questionnaire was used for the assessment of quality of sleep.\[[@ref29]\] This contains 19 items and gives 7 component scores of subjective sleep quality (slpq), sleep latency, duration, habitual sleep efficiency (hsle), sleep disturbance, sleep medication, and daytime dysfunction. In addition, there is a global score on quality of sleep. The maximum global score is 21. PSQI score more than 5 is considered as poor quality.\[[@ref29]\] This scale is validated in different populations (with Cronbach\'s alpha 0.8) and is an effective screening tool.\[[@ref30][@ref31]\] In earlier studies, the global PSQI score \>5 got diagnostic sensitivity of 89.6% and specificity of 86.5% (κ = 0.75, *P* \< 0.001) for differentiating poor and good sleepers.\[[@ref31]\] The questionnaire was filled by individuals in hard copy in single sitting in a comfortable position, before body composition assessments.

Body composition {#sec2-4}
----------------

There are different methods for the body composition assessment. Bioelectrical impedance (BIA) principle was used in the current study for body composition assessments. The InBody, Maltron, Tanita, etc., are some of the validated instruments. In the current study, we have used InBody R20 instrument to assess the different indices of body composition in obese adults.\[[@ref32]\]

BIA principle was used to estimate body composition and is a non invasive method.\[[@ref33][@ref34][@ref35][@ref36][@ref37]\] The InBody R20 is a validated scale for BIA which is used for scientific studies on obesity.\[[@ref32]\] The major outcomes are weight, body fat mass, percentage body fat, skeletal muscle mass, BMI, basal metabolic rate (BMR), waist-hip ratio, total body water, fat-free mass (FFM), segmental muscle mass and segmental fat mass, and mineral mass (Mm). The readings were taken with empty stomach in the morning for both pre-post readings.

The body composition was assessed in the morning with overnight fasting. The instrument used was InBody R20 (Sr. No PA 904F1D1 of M/s Bio space Co. Ltd.,) from the UK, and the same instrument was used for measurements of both before and after the intervention. All accessories metallic items were removed from pockets and the participants were asked to stand straight and still on the foot pad with light clothing. The foot was placed in the foot pad as per the shape of the electrode guide. First, the body weight was registered and then they were asked to hold the hand grips properly without moving the body. The readings were directly transferred to the connected computer. The height was measured using anthropometric inelastic tape.

Data extraction/procedure {#sec2-5}
-------------------------

PSQI contains 19 self-rated questions for scoring. The 19 questions are combined to form seven component score, each of which has a range of 0--3 points. Zero indicates no difficulty and 3 indicates severe difficulty. The seven components are added together to get global score with a range of 0--21 points, 21 indicating severe difficulty in all the areas. After scoring 7 components and the global score, as per the scoring procedure,\[[@ref29]\] the data were coded, tabulated, screened, and carried out the data entry for processing.

The InBody R20 instrument was connected by universal serial bus to computer while taking the individual assessments and the raw data of the individual body composition parameters were recorded in computer during assessment. The coded and tabulated data were screened and transferred to single excel sheet in the requisite format for analysis.

Data analysis {#sec2-6}
-------------

This statistical package for the social sciences(SPSS) owned by IBM version was used for the data analysis. The data were analyzed for normality using Shapiro-Wilk test. Further, for all the pre-post values of both yoga and control groups, the paired sample *t*-test was carried out, on all the variables which were found normally distributed. The body composition parameters and PSQI global score distribution were found normal, but the seven components of PSQI were not normal. For these seven components of PSQI, nonparametric test was carried out using Wilcoxon signed-rank test. The between-groups analysis was performed using the independent sample *t*-test for the pre and post values of yoga and control groups. To find the relative improvement among the variables, the change in each variable was correlated each other. In the analysis, *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
-------

The baseline demographic educational and anthropometric data were found similar. In yoga group, the age of individuals ranged from 26 to 60 and in control group from 21 to 58 years. The baseline data of age and height are given in [Table 2](#T2){ref-type="table"}. The yoga group BMI ranged from 25.33 kg/m^2^ to 34.84 kg/m^2^ (mean ± standard deviation \[SD\]; 28.7 ± 2.35 kg/m^2^) and for the control group it was from 25.01 kg/m^2^ to 33.64 kg/m^2^ (mean ± SD; 27.70 ± 2.05 kg/m^2^). For all participants, BMI was found above 25 kg/m^2^. The 50% of individuals in each group was with age between 18 and 40 years and 50% were in age group of 40--60 years. Similarly, education of half of each group was up to degree and balance half was post graduate or above.

###### 

Baseline data of age and height
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The within-group analysis results are given in [Table 3](#T3){ref-type="table"}. In both the groups, the PSQI global score was improved but the improvement was significant (*P* \< 0.02) in yoga group alone.

###### 

Within-group analysis
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The PSQI global score of 5 and above is considered as poor quality.\[[@ref38]\] Before the intervention, PSQI global score was more than 5, in the yoga group and there was 18% improvement in the score. The score improved to good quality (4.16 ± 2.03) after the intervention.

The body weight in the yoga and control groups decreased after intervention. However, the weight reduction was significant in yoga group (*P* = 0.004) alone. Similarly, improvement in the BMI was significant in yoga group (*P* \< 0.01) alone. In addition, reduction in bone mass (Bm) and mineral mass (Mm) (*P* \< 0.02) and obesity degree (current weight divided by ideal weight multiplied by 100) (*P* \< 0.01) were significant in yoga group and no change in control group. In both groups, both the arm lean masses increased whereas in control group trunk lean mass also increased. In both the groups, all other body composition parameters were reduced.

The seven component PSQI scores of yoga and control groups are given in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}, respectively. In the yoga group, out of 7 PSQI components, 5 showed the improvement in trends from pre to post and the balance two components, (hsle; *P* \< 0.02) and (slpq; *P* \< 0.03), reported significant improvement. The global score of PSQI showed significant improvement in yoga group alone. In the control group, though the component of slpq improved (*P* \< 0.04), the use of sleep medication and daytime dysfunction showed increasing (worsened) trend.

###### 

Within-group analysis of Pittsburgh Sleep Quality Index components of yoga group
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Within-group analysis of Pittsburgh Sleep Quality Index components of control group
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In the between-group analysis, the changes were not significant in pre as well as in post readings. The postintervention between-group analysis results are given in [Table 6](#T6){ref-type="table"}.

###### 

Between-group analysis results
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To find out the relative improvements (from pre to post) among the variables, each variable was correlated with each other. The outcome is summarized in \[[Table 7](#T7){ref-type="table"}\]. There was a significant positive correlation of BMI with protein mass (*r* = 0.308, *P* \< 0.01), Mm (*r* = 0.227, *P* \< 0.05), bone mass (*r* = 0.233, *P* \< 0.05), BMR (0.237, *P* \< 0.01), fat mass (0.511, *P* \< 0.01), FFM (0.0.324, *P* \< 0.01), total body water (*r* = 0.324, *P* \< 0.01), skeletal muscle mass (*r* = 0.326, *P* \< 0.01), and PSQI score (*r* = 0.201, *P* \< 0.05). It was also found that FFM is strongly and positively correlated to BMR.

###### 

Correlations
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None of the participants reported any adverse effect of yoga intervention.

Discussions {#sec1-4}
-----------

The aim of the current study was to find out the effects of 14 weeks IAYT intervention on body composition and sleep parameters. As an outcome of intervention, the PSQI global score as well as the slpq and sleep efficiency components were improved with significance, which was consistent with the improvements in body composition parameters. The body weight, obesity degree, BMI, bone mass, and Mm were reduced with significance in yoga group alone. Further, there was a trend of improvement in all the body composition parameters in yoga group. In the current study of 1^st^ time yoga doers, the slpq and efficiency scores improved 34.6% and 54%, respectively. This shows the possibility of the yoga intervention in combating the obesity difficulties in urban setting. Further, as reported earlier, sleep parameters play a key role in energy metabolism\[[@ref39][@ref40]\] and the current study shows improvement in both sleep quality and body composition parameters.

A recent previous study\[[@ref41]\] assessing the circadian measures (i.e., melatonin and cortisol) in middle-aged men showed evidence of association of altered circadian rhythms with reduced melatonin response and cognitive impairment. This previous study\[[@ref41]\] showed a link between circadian rhythms sleep and cognition. Further, recent previous cross-sectional study\[[@ref42]\] showed that the yoga practice reduces the cortisol levels anxiety and depression. In addition, relaxation induced by diaphragmatic breathing decreases the oxidative stress and cortisol levels.\[[@ref43]\] The hatha yoga practices reduce psychological stress and affective eating as per previous studies.\[[@ref44]\] In the current study, yoga practice might have reduced the cortisol levels and oxidative stress, effecting improvement in the sleep quality.

Stress is cause for many diseases in urban life as reported in many previous studies. The stress causes the immediate and long-term disturbance in the psychoneuroendocrine and immunological pathways. The hypothalamus pituitary adrenal (HPA) axis and sympathetic nervous system gets adversely affected and hyperactivated by influx of emotions from limbic system under the mental stress.\[[@ref45]\] This increases the release of hormones of cortisol and catecholamine. The repeated state of "fight or flight" mode makes the HPA axis firing continuously and disrupting the homeostasis leading to metabolic disorders. Most of the yogic practices promote parasympathetic activation and regulation and normalization of HPA axis.\[[@ref45]\] In addition, the yoga practices give vagal stimulation reducing heart rate and blood pressure. The metabolic and psychological parameters were improved by balance in the HPA axis, insulin resistance, and lipid metabolism.

Further previous studies showed that insufficient sleep is linked to increase in obesity,\[[@ref46][@ref47]\] especially the visceral adipose tissue.\[[@ref48][@ref49]\] In the current study, the sleep duration of yoga group increased along with significant reduction in abdominal obesity degree. The relation between sleep duration and obesity is not linear, and the poor sleep and emotional stress are mediating factors in obesity.\[[@ref11]\] Thus, in the real life setting, the extending of sleep is found to promote reducing the desire for high energy foods.\[[@ref50]\] This might have affected the weight reduction.

Also, as reported previously,\[[@ref11]\] the emotional stress and poor sleep are mediating factors in the relationship between obesity (expressed in body composition parameters) and sleep duration. The sleep duration affects the body composition\[[@ref51]\] and may be more time period of intervention needed to get more significant results. In addition, studies reported the role of certain type of diet pattern,\[[@ref52]\] affecting the quality of sleep. In the current study, there was no restriction on food though the sample meal plan was provided to both the groups and the inputs on diet information were equal to both the groups.

There are studies on the effect of the leptin and adiponectin hormones which effects out the satiety center in hypothalamus. The leptin and adiponectin helps regulate the energy balance by inhibiting the hunger. A recent study\[[@ref53]\] of 12 weeks yoga-based lifestyle intervention program showed significant reduction in serum leptin levels with improvements in anthropometric parameters. The frequency of self-reported yoga practice showed a significant negative relationship with leptin and also with adiponectin to leptin ratio.\[[@ref54]\] Further previous studies\[[@ref54]\] showed that intensive yoga practice has beneficial health consequences in body weight due to changes in leptin and or adiponectin. The metabolic improvements obtained in the current study may be due to energy homeostasis effected by leptin and adiponectin.

Further, the circadian misalignment in urban lifestyle is a predominant factor and this leads to adverse effect in energy balance. The endocannabinoid system is signaling the pathways to modulate the metabolic functions.\[[@ref55][@ref56]\] The uncontrolled binge eating behavior inherent with easy availability of junk food in the urban lifestyle further promotes the unbalance in energy intake and expenditure. The endocannabinoid signaling is reported as neurochemical mechanism in response to stress\[[@ref56]\] and endocannabinoid system is chronically unregulated due to stress, promoting the drive to eat merely out of pleasure, in the absence of any energy deficit. A recent study\[[@ref57]\] on effect of exercise on endocannabinoid on male rats with high-fat diet induced obesity indicated a reversal of metabolic syndrome.\[[@ref58]\] The current study of yoga intervention also includes loosening exercises and *süryanamaskära* along with other yoga techniques. The overactivation of the endocannabinoid system is reduced by the yoga practices as evident from the metabolic improvements.

The two parameters of body composition, bone mineral (Bm) content and Mm, may increase after sufficiently long period. Previous study showed that compared to sedentary people, the marathoners (both male and female) had higher bone stiffness and density.\[[@ref59]\] Furthermore, a systematic review on Bm accrual by exercise reported increase in Bm with weight-bearing exercise, in children and adolescents, after 6 months.\[[@ref60]\] Unlike the physical exercise, the yoga practice was reported to decrease the Bm and Mm values in the beginning. After sufficiently longer period, the Bm and Mm showed increasing trend.\[[@ref61]\] In the recent study of yoga intervention on weight reduction, the Bm started increasing in the beginning, and after 22 months of yoga practice, Bm started decreasing.\[[@ref61]\] It was noted that there is a complex relationship between adiposity and bone tissue. The physiopathological participation of adiposity in homeostasis of bone involves adipokines remodeling.\[[@ref62]\] These molecules released from fat cells interfere in the bone metabolism and the different degrees of body weight will differently interfere with Bm.\[[@ref62]\] The serum leptin is inversely associated with Bm density and strongly associated with fat mass.\[[@ref63]\] The yoga training involved *asana pranayama* meditation and other awareness components which might have made the mind peaceful and influenced the homeostasis positively. The psychoneuroendocrine and immune mechanism systems are improved by yoga practice reducing the stress and improving the balance of the systems.\[[@ref64]\]

Further, in the body composition, the fat mass is negatively correlated and FFM is positively correlated to Bm and Mm in the current study, as reported in previous studies.\[[@ref65]\] Thus, the weight reduction achieved by intervention is also by reduction in the FFM. Ideally, the fat is to be reduced and lean body mass is to be increased after doing yoga.\[[@ref66]\] In yoga group, the left arm lean mass and right arm lean mass showed increasing trend and more duration of yoga practice may be required for improvement with significance. In the control group, in addition to improvements in arm lean mass, trunk lean mass also showed increasing trend. This may be due to the physical activities of the control group.

It was also found that the BMI was strongly correlated to FFM and the BMR as reported earlier.\[[@ref67]\] The eating behavior and sleep act together and affect weight reduction.\[[@ref38]\] The current study showed that BMI was positively correlated to global score of PSQI and the slpq influenced the weight reduction. Thus, the weight reduction in yoga group is due to the improvement in the stress sleep and eating patterns caused by yoga training.

The current study was one of the early studies with sleep and body composition exclusively for obese male adults in an urban setting. The study showed that IAYT reduces the obesity and improves sleep quality. In the current study, the same instruments including InBody R20 were used for both the pre and post assessments since the measurement by different analyzers will be misleading.\[[@ref68]\]

In the current study, the control group was not given chance to gather together, which is a form of social cohesion. In the yoga group, the social cohesion also might have affected stress reduction and sleep quality. Although the food log format and sample food plan were given for information to the individuals, diet pattern of the participants was not assessed. Above are considered as limitations of the study.

Although the minimization of cofactors was done to have balance between the two groups, the age range was noted large in the current study. For future studies, narrow range of age and trials at different urban cities, having different food habits can be considered.

Conclusion {#sec1-5}
==========

Yoga intervention will be effective for controlling the obesity in male and improving their quality of life. The body composition parameters sleep quality were improved due to yoga intervention.
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